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Abstract
Aim: To identify whether periodontal traits derived from electronic dental records are 
biologically informative and heritable.
Materials and methods: The study included 11,974 adult twins (aged 30– 92 years) 
in the Swedish Twin Registry. Periodontal records from dental examinations were 
retrieved from a national register and used to derive continuous measures of peri-
odontal health. A latent class approach was used to derive categorial measures of 
periodontal status. The correlation patterns in these traits were contrasted in mo-
nozygotic and dizygotic twin pairs using quantitative genetic models to estimate the 
heritability of the traits.
Results: For continuous traits, heritability estimates ranged between 41.5% and 
48.3% with the highest estimates for number of missing tooth surfaces and rate of 
change in number of deep periodontal pockets (≥6 mm). For categorial traits, the la-
tent class approach identified three classes (good periodontal health, mild periodon-
titis signs and severe signs of periodontitis) and there was a clear difference in the 
hazard for subsequent tooth loss between these three classes. Despite this, the class 
allocations were only slightly more heritable than a conventional dichotomous disease 
definition (45.2% vs. 42.6%).
Conclusions: Periodontitis is a moderately heritable disease. Quantitative periodontal 
traits derived from electronic records are an attractive target for future genetic as-
sociation studies.
K E Y W O R D S
epidemiology, genetics, heritability, latent class analysis, periodontitis
Clinical relevance
Scientific rationale for the study: Electronic dental records might be useful in the study of peri-
odontitis, but it is unclear which traits derived from these records are most biologically informa-
tive and heritable.
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1  |  INTRODUC TION
Gum inflammation, a common reversible condition, is caused by 
tooth- associated bacteria which initiate an inflammatory response 
leading to host defence cell activation. The process may be limited 
to the gingiva but some people develop an irreversible destruction 
of the tooth- supporting connective and bone tissue (periodontitis) 
(Pihlstrom et al., 2005). Despite improved dental care, periodontitis 
continues to affect a significant proportion of adults and approxi-
mately 10% have a severe form (Kassebaum et al., 2014). In some 
populations, including Sweden and Scotland, periodontitis is a main 
cause of tooth loss from middle age (Chestnutt et al., 2000; Haworth 
et al., 2018). The onset, progression and ultimate outcomes of the 
disease are influenced by the individual's genetic risk alongside 
other factors including tooth microbiota, immune biology and be-
haviour, but current knowledge is insufficient to identify people at 
risk for severe disease.
Heritable contributions to periodontal disease have been ex-
plored in animal studies, twin- , family- and genome- wide associa-
tion (GWA) studies in humans. Two recent meta- analyses support 
a heritable contribution to periodontitis (Nibali et al., 2019; Nibali 
et al., 2020), albeit with considerable variation between and within 
studies. Heritable factors explained around 15% of periodonti-
tis variance in family studies, 38% in twin studies and 7% in GWA 
studies (Nibali et al., 2019) and 43% in experimental animal studies 
(Nibali et al., 2020). Thirteen twin studies were included with eight 
studies using clinically assessed periodontal status in up to 132 twin 
pairs and five studies using self- reported periodontal status in 2,122 
to 10,578 twin pairs (Nibali et al., 2019). The two largest studies 
involved twins in the Swedish Twin Registry (STR) (Mucci et al., 
2005; Mucci et al., 2009) with self- reported proxies for periodon-
tal disease and dichotomous disease classification. To date, there is 
no large- scale twin study employing clinically assessed periodontal 
data.
Genetic information can theoretically be used in clinical prac-
tice for risk stratification and precise diagnosis; however, this re-
quires knowledge of the specific genetic loci involved and few loci 
have been identified in GWA studies to date (Shungin et al., 2019; 
Morelli et al., 2020). This may be because GWA studies need to 
choose simple phenotypes which can be collected in large studies 
or harmonized across different studies. While dichotomous disease 
classification is practical in large studies, results so far suggest this 
may not be sufficiently biologically informative (Shungin et al., 2019; 
Morelli et al., 2020) and there is therefore a need to identify other 
measures which are both practical and biologically meaningful. 
While it is difficult to estimate the variation in a trait due to any sin-
gle genetic variant without committing to GWA studies, understand-
ing the aggregate variance explained by all additive genetic variation 
may help guide the traits which are most likely to have detectable 
single variant association signals.
Quantitative measures may have greater power and capture 
disease severity which is missed in dichotomous classification. 
Principal components (PCs) of periodontal traits (Offenbacher et al., 
2016) appear to have stronger genetic association than dichoto-
mous traits but lack clear clinical interpretation. As an alternative 
approach, number of deepened probing pockets, a proxy for tooth 
attachment loss, might provide a quantitative measure that captures 
both presence and severity of disease and has clinical interpreta-
tion. However, there is no evidence whether this trait is sufficiently 
heritable for GWAS. A first aim of this paper was therefore to test 
heritability of quantitative traits for periodontitis versus dichot-
omous classification in a large twin study with clinically assessed 
phenotype data.
A different approach involves refining qualitative measures 
by including multiple sources of information or by including more 
groups than a conventional dichotomous measure. For example, the 
2017 periodontitis classification suggests a comprehensive classi-
fication of multiple disease stages. This requires measurement of 
markers for both current and previous disease experience includ-
ing clinical attachment loss, amount and percentage of bone loss, 
probing depth, angular bone defects and furcation involvement, 
tooth mobility and previous tooth loss due to periodontitis (Caton 
et al., 2018). Others suggest inclusion of additional host traits such 
as inflammatory biomarkers alongside clinical traits (Agler et al., 
2019). While these protocols are attractive for precise diagnosis in 
the single patient, there are practical and theoretical problems for 
genetic epidemiology. At a practical level, complex and detailed ex-
amination protocols are difficult to implement in very large studies 
and some information (e.g. on the reason for tooth loss) may not 
be present. Theoretically, the inclusion of host traits which are par-
tially heritable in phenotypic definition, including inflammatory bio-
markers, can complicate inference. However, if refined subgroups 
could be identified from data sources in existing dental charting, 
this would overcome both problems. Therefore, a second aim of this 
project was to empirically identify cases based on latent structure in 
the dental charting rather than on pre- defined criteria and evaluate 
whether these measures are any more heritable than dichotomous 
classification.
Principal findings: In this cohort, periodontal traits were moderately heritable including rate of 
change in number of severe periodontal pockets. Around 10% of the study group had a severe 
form of periodontitis with high risk for future tooth loss.
Practical implications: Periodontitis is a moderately heritable disease, and genetic risk factors 
appear relevant for disease severity and progression as well as onset.
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2  |  MATERIAL AND METHODS
2.1  |  Study participants and exclusion criteria
Twins in the STR (https://ki.se/en/resea rch/the- swedi sh- twin- 
registry) aged 30 years or older for whom information on periodon-
tal status could be retrieved from the national quality register on 
caries and periodontitis (SKaPa, www.skapa reg.se) were eligible 
(n = 18,653). Twins were excluded if (a) the zygosity was unknown, 
(b) data were unavailable for both twins in a pair, (c) either twin in a 
pair had fewer than four remaining natural teeth or (d) the dental ex-
amination dates fell more than ±1 year apart in the twin pair. Where 
multiple dental visits were available for one or both twins, dental vis-
its which were closest together in time were chosen for the primary 
analysis. The final cohort contained 11,974 twins (Figure 1).
The STR received ethical approval from the Regional Ethical 
Review Board in Stockholm, Sweden. Analysis of periodontal traits 
received ethical approval from the local ethics committee at Umeå 
University, Sweden (Dnr 2010– 387– 31 M with an addendum May 
23 2011). The study complied with all relevant ethical regulations 
including the Declaration of Helsinki.
2.2  |  Zygosity ascertainment
Information on zygosity was determined by a validated test using 
46 single- nucleotide polymorphism markers (Magnusson et al., 
2013), an intra- pair similarity algorithm, or by being opposite sex. 
Approximately 12% of all pairs had their zygosity determined by 
DNA- based tests.
2.3  |  Retrieval and quality control of 
periodontal records
Dental examinations in Sweden include probing of periodontal 
pocket depth and results are stored in electronic records. SKaPa 
started to compile data in 2008 and since 2010 has compiled and 
ensured quality control over data from public dental health and some 
private clinics in Sweden. Information from records where pocket 
depth had been recorded at either 4 or 6 (mesio- buccal [mb], mesio- 
lingual [ml], disto- buccal [db], disto- lingual [dl], mid- buccal [b] and 
mid- lingual [l]) tooth sites was retrieved from SKaPa using unique 
person identification numbers. Examinations with two sites recorded 
per tooth or with the Community Periodontal Index of Treatment 
Need (CPITN) scores were excluded. Records meeting the inclusion 
criteria were retrieved for all visits between 2010 and 2019. Probing 
pocket depth, here used as a proxy for loss of periodontal support-
ive tissues and periodontal disease stage, was graded as no (<4 mm), 
mild (4 mm), moderate (5 mm) and severe (≥6 mm) disease (Papapanou 
et al., 2018). For records where four sites (mesial, distal, buccal and 
lingual) were measured, the mesial measure was used to impute the 
missing mb or ml values and the distal measure to impute db or dl. 
For teeth missing due to hypodontia, orthodontic treatment, trauma, 
caries or failed endodontic treatment, periodontal pockets were im-
puted as <4 mm. Periodontal pockets of teeth missing due to perio-
dontitis or other reasons were imputed using an age- and tooth- based 
approach. Values were assigned taking into account tooth type, that 
is missing premolars are a common result of orthodontic treatment 
and not periodontal disease, number of 5 or 6 mm pockets found for 
the corresponding tooth elsewhere in the mouth and (where no cor-
responding tooth was available), the most common reported pocket 
depth at that tooth type in other patients of the same age group.
2.4  |  Derivation of quantitative periodontal traits
For each twin and for each visit, three quantitative scores were cre-
ated representing (a) the sum of tooth surfaces with 5 mm pocketing 
or greater termed “moderate and severe surface sum”, (b) the sum of 
tooth surfaces with 6 mm pocketing or greater termed “severe sur-
face sum” and (c) the number of tooth surfaces which were missing at 
the time of examination termed “missing surface sum”. For twins with 
two or more visits spanning at least 1 year (n = 11,171; Figure 1), rates 
of change in “moderate and severe surface sum” and “severe surface 
sum” over time were estimated using a random intercept, random 
gradient linear mixed model (detailed description in Appendix S1).
2.5  |  Derivation of qualitative periodontal traits
Qualitative traits were defined using a conventional system (with a 
prior definition) and a latent class approach to define categories with 
empirical support in the data. The dichotomous classification of peri-
odontitis was scored as disease- free if all pockets were ≤4 mm and 
disease- affected if at least one pocket was ≥5 mm.
F I G U R E  1  Flow chart showing the process of twin selection for final cross- sectional and longitudinal analysis
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The latent class analysis was performed using poLCA (version 
1.4.1) in R (version 3.6.3). Participants were classified using 168 
surface- level outcomes per participant, with age, age squared, sex 
and examination year fitted as predictors in a concomitant latent 
class regression model. Initial model selection was performed with 
1– 5 latent classes to decide on a suitable number of latent classes. 
Subsequent analysis was based on the preferred number of latent 
classes, and class allocations for the preferred model were used in 
heritability analysis.
Latent class validation was then performed using an observa-
tional, longitudinal analysis of tooth loss, with the rationale that class 
allocation at the first visit should predict tooth loss at subsequent 
visits if the latent classes captured biologically informative differ-
ences in periodontal health. The analysis was restricted to a subset 
of participants who had dental data on at least two occasions one or 
more years apart. Latent classes were re- defined in a model based 
only on data from the first dental visit available, and hazard and inci-
dence risk for subsequent tooth loss during follow- up was estimated 
(Appendix S2).
2.6  |  Estimating the heritability of 
periodontal phenotypes
For each periodontal trait, quantitative genetic models were fitted 
with data from monozygotic and dizygotic twin pairs and same- and 
opposite- sex twin pairs (Kohler et al., 2011). These models decom-
pose variation into three variance components, namely variation at-
tributable to additive genetic effects (termed variance component 
A), shared environmental factors (termed variance component C) 
and unexplained variation due to a combination of unique environ-
mental factors and error in the model (termed variance component 
E). These models assume that periodontal traits are partially corre-
lated in twin pairs due to components A and C, but can distinguish 
between these two components since monozygotic twin pairs share 
~100% of their nuclear DNA while dizygotic twin pairs share on av-
erage ~50% of their nuclear DNA.
Quantitative traits (moderate and severe surface sum, severe 
surface sum and rate of change in these two sums, missing surface 
sum) were modelled on the observed scale. Traits were regressed on 
covariates, and residuals were transformed to z- scores. Qualitative 
traits were modelled using a liability threshold model with one 
threshold (for dichotomous traits) or multiple thresholds (for ordinal 
categorial traits). These models assume an underlying continuous 
distribution of disease liability which presents as an observed cat-
egory when a threshold level of liability is reached. All models in-
cluded adjustment for age, age squared, sex and examination year 
and were fitted using OpenMx (version 2.17.2) implemented in R 
(version 3.6.3) (Neale et al., 2016). All estimates of A, C and E are 
standardized to the total phenotypic variance and presented as per-
centages. p- values are based on a Z test, where Z was defined as the 
standardized variance component divided by the standard error for 
the standardized variance component. p- values are presented with-
out adjustment for multiple testing.
3  |  RESULTS
3.1  |  Demographics
Totally, 27,107 twins were potentially eligible for inclusion in the 
study; 11,974 twins met all inclusion criteria and were included in 
the final sample (Figure 1). There were a similar number of monozy-
gotic, dizygotic same- sex and dizygotic opposite- sex pairs, but a 
slightly higher proportion of female than male participants (Table 1).
3.2  |  Latent classes
Latent class analysis was undertaken using the 11,974 twins, and a 
three- class model was chosen which had confident class allocations. 
Underlying metrics are found in Table S1 and posterior probabilities 
are plotted in Figure S1.
The characteristics of participants in each class are shown in 
Table 2 and the pattern of periodontitis features in Figure 2. Briefly, 
Class I was the largest group and was formed of people with few 
signs of periodontitis. Class II was the next largest group and in-
cluded people with localized features of periodontitis but low levels 
of tooth loss. Class III included under 10% of the population with 
more severe and generalized signs of periodontitis and higher levels 
of tooth loss. The proportion of female participants was similar in the 
three classes, but those in classes II and III were older than in Class I.
3.3  |  Latent class longitudinal validation
Longitudinal validation of the three latent classes was performed by 
re- classifying the participants based on their first visit and comparing 
TA B L E  1  Demographic information of the study sample (n = 11,974 twins) included in the principal analysis
Monozygotic twins Dizygotic same- sex twins Dizygotic opposite- sex twins
Number of twins 4470 3584 3920
Age, mean (sd) [range] 47.7 (14.6) [30, 92] 51.3 (14.9) [30, 88] 50.3 (14.8) [30, 92]
Sex, % female 59.1 56.7 50.0
Examination year, median [range] 2018 [2010, 2019] 2018 [2010, 2019] 2017 [2010, 2019]
Missing teeth, mean (sd) [range] 1.4 (2.8) [0, 24] 1.8 (3.2) [0, 24] 1.8 (3.3) [0, 24]
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rates of tooth loss at subsequent appointments. As anticipated, a 
slightly higher proportion of participants were classified in Class I 
than in the main analysis, given the younger age and generally better 
periodontal health at the first visit compared to subsequent visits 
(Table S2). Longitudinal validation included 11,022 twins who had 
data available for two or more visits a minimum of one year apart. 
The mean number of visits was 7.3 visits per participant spanning 
6.3 years of follow- up (range 1– 9 years). During follow- up, 1191 par-
ticipants (10.8%) were recorded as losing one or more teeth. Classes 
II and III had greater hazard and incidence risk for tooth loss than 
TA B L E  2  Characteristics of participants in the three latent classes
Class I Class II Class II
Number of twins, % 6962 (58.1) 3905 (32.6) 1107 (9.2)
Age, mean (SD) [range] 43.0 (11.4) [30, 90] 55.7 (13.3) [30, 92] 69.6 (11.6) [30, 92]
Sex, % women 56.6 53.1 55.6
Birth year, median [range] 1976 [1926, 1989] 1961 [1919, 1989] 1945 [1919, 1989]
Examination year, median [range] 2018 [2010, 2019] 2018 [2010, 2019] 2017 [2010, 2019]
Missing teeth, mean (SD) [range] 0.29 (0.85) [0, 9] 2.22 (1.70) [0, 14] 8.35 (5.48) [0, 24]
Number with periodontitis (%)a  1119 (16.1) 3740 (95.8) 1106 (99.9)
Moderate/severe surface sum, mean, (SD) 0.4 (1.0) 9.6 (6.3) 40.9 (19.7)
Severe surface sum, mean (SD) 0.2 (0.5) 4.4 (3.3) 20.0 (10.8)
aPeriodontitis is defined as 1 or more tooth surfaces with a pocket ≥5 mm. 
F I G U R E  2  Prevalence of features of periodontitis (proportion of pockets ≥5 mm) at the six estimated tooth surfaces in the three latent 
classes at the index dental examination
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participants in Class I (Table 3). Given these findings, latent class 
membership was treated as an ordinal trait in heritability analysis, 
where classes II and III are assumed to represent different severity 
levels of a similar underlying trait.
3.4  |  Heritability of periodontal phenotypes
The heritability of quantitative traits for number of periodontitis- 
affected sites was estimated at approximately 40%, with similar re-
sults for moderate/severe and severe phenotypes. Compared with 
the cross- sectional analysis, estimated heritability of rate of change, 
that is the gradient random effect from linear mixed modelling, in 
the severe phenotype was slightly higher and with confidence in-
tervals excluding the cross- sectional estimate, but estimates were 
similar for the moderate/severe phenotype. Heritability of number 
of missing teeth was estimated at around 48% (Table 4).
The heritability of periodontal latent class membership was es-
timated at around 45%, with a slightly higher point estimate than a 
crude definition from presence or absence of a pocket ≥5 mm, but 
with overlapping confidence intervals.
4  |  DISCUSSION
This study used a twin- based approach to investigate heritability of 
periodontal phenotypes from clinical records in a cohort of predomi-
nantly raised together Swedish adult twins. All traits in the study 
were moderately heritable with heritability estimates in the range 
of 41%– 48%. Quantitative measures of rate of change in number of 
affected probing pockets had a slightly higher heritability estimate 
than cross- sectional quantitative measures or dichotomous diagnos-
tic group assignment. This supports current clinical understanding 
of periodontitis as a disease with a moderate genetic basis but with 
important variation due to environmental factors. Similar to work by 
Teumer et al. (2013), the study suggests that quantitative measures, 
including those based on longitudinal data, may be suitable for GWA 
studies. Number of missing tooth surfaces was a moderately herita-
ble trait in the present study. While this may partially reflect genetic 
risk for periodontitis, this trait will also capture other partially herit-
able reasons for tooth loss such as caries, so this trait is considered 
less suitable for GWA studies of periodontitis.
To date, dichotomous definitions of periodontitis with pre- 
defined criteria have yielded disappointing results in GWA studies. 
TA B L E  3  Incident tooth loss during follow- up
Class I Class II Class II
Number of twins, % 6783 (61.5) 3351 (30.4) 888 (8.06)
Teeth lost, mean (SD) 0.08 (0.47) 0.29 (0.98) 0.59 (1.59)
HR for tooth loss (95% CI) [P]a  - 1.73 (1.49, 2.02) [9.3 × 10−13] 2.93 (2.41, 3.57) [5.9 × 10−27]
IRR (95% CI) [P]b  - 1.66 (1.37, 2.02) [2.1 × 10−7] 2.87 (2.23, 3.70) [4.4 × 10−16]
aHR, Hazard Ratio. Estimates are from a Cox regression model incorporating adjustment for age, age squared and sex. 
bIRR, Incidence Rate Ratio. Estimates are from a zero- inflated negative binomial regression model. 




Heritability (A) Shared environment (C)
Non- shared 
environment (E)
% 95% CI p- value % 95% CI
p- 
value % 95% CI
Moderate/severe surface 
sum
11,974 NA 42.9 39.6, 46.1 1.6 × 10−146 < 0.1 0, <0.1 1 57.1 53.9, 60.4
Severe surface sum 11,974 NA 41.5 38.2, 44.8 1.1 × 10−132 < 0.1 0, <0.1 1 58.5 55.2, 61.8
Missing surface sum 11,974 NA 48.3 45.3, 51.3 4.5 × 10−222 <0.1 0, <0.1 1 51.7 48.7, 54.7
Rate of change in 
moderate/severe 
surface sum
10,362 NA 44.4 35.0, 53.9 2.5 × 20−20 1.7 0, 8.5 .62 53.9 50.0, 57.8
Rate of change in severe 
surface sum
10,362 NA 47.2 43.9, 50.5 3.8 × 10−173 < 0.1 0, <0.1 1 52.8 49.5, 56.1




11,974 No periodontitis 42.6 37.0, 48.2 8.1 × 10−9 < 0.1 0, <0.1 1 57.4 51.8, 63.0
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This approach is hampered by a lack of defined criteria for disease 
classification and does not take disease severity (extent and progres-
sion) into account. We hypothesized that an empirical classification 
based on a latent class model using probing pocket measures would 
produce more biologically informative categories with higher heri-
tability than dichotomous classification. Although the latent classes 
appeared to perform better than a crude dichotomous classification 
in observational analysis of incident tooth loss, the estimated heri-
tability was only slightly higher than the dichotomous classification. 
Given that these latent classes introduce additional complexity into 
the analysis and interpretation of data, that is extrapolating find-
ings across populations with differing latent structures, it is unclear 
whether this approach would be of benefit in future GWA studies.
Although the value of a latent class approach in GWA studies is 
not clear, it may be useful in other research contexts. The latent class 
analysis identified a group of just under 10% of the study population 
with signs of severe periodontitis and high risk for tooth loss during 
longitudinal follow- up. This is in keeping with epidemiological data 
(Kassebaum et al., 2014) and a recent clinical study in Sweden where 
around 60% had no, 30% moderate and 10% severe periodontitis 
based on probing pockets and attachment levels from clinical exam-
ination and radiographs (Jönsson et al., 2020) and other studies from 
Sweden (Wahlin et al., 2018). Moreover, the group response pattern 
parallels the findings that people with different periodontal profiles 
at baseline have different rates of disease progression and tooth loss 
(Morelli et al., 2018). This potentially supports a role for empirically 
derived risk prediction rules in clinical precision diagnosis and risk 
stratification and potentially in risk screening for adverse health out-
comes, such as cardiovascular disease (Holmlund et al., 2017).
We hypothesized that quantitative traits taking disease sever-
ity into account would be more heritable than a crude dichotomous 
measure (Diehl et al., 2005). There was partial support for this hy-
pothesis, as the highest heritability estimate was seen for rate of 
change in number of affected pockets, but cross- sectional anal-
yses did not yield higher heritability estimates than dichotomous 
classification. This may be because rate of change was more robust 
to some forms of measurement error in the present setting. We per-
formed imputation using information on the reason for tooth loss to 
identify teeth which were unlikely to have signs of periodontal dis-
ease, and age and tooth imputations based on the non- missing tooth 
surfaces to assign values for other missing teeth. Errors introduced 
by this imputation are not expected to explain changes in periodon-
tal status over time, which may explain the improved results in mod-
els using longitudinal rate of change over cross- sectional data. Thus, 
for future GWA studies in cohorts where genetic data have already 
been obtained, measures of disease progression may be preferred to 
cross- sectional quantitative or qualitative assignments and have the 
additional advantages that they can be obtained from pre- existing 
dental records at low cost and have greater statistical power for the 
same sample size than dichotomous measures (Altman & Royston, 
2006). Other approaches to minimize measurement error involve 
using additional clinical data (e.g. with radiographic assessment of 
alveolar bone levels) or combining clinical data with biomarkers 
(Agler et al., 2019). These approaches are appealing but such data 
are not routinely available from clinical records and are expensive 
and demanding to collect at scale. In addition, biomarkers are them-
selves heritable, which complicates inference and may exclude use 
of GWA results in downstream analyses (Figure 3). Given the need 
for very large sample sizes in genetic epidemiology, it seems likely 
that longitudinal progression traits provide a suitable trade- off be-
tween heritability and practicality and are therefore suitable for 
future GWA studies. We note however that these traits can only 
be derived where dental records can be linked, and in large studies 
where this is not possible, there may still be value in the use of less 
refined proxy phenotypes.
Compared with the literature, the narrow- sense heritability es-
timates from the present study are slightly higher than the meta- 
analysis estimate of broad- sense heritability of periodontitis of 0.38 
in twin studies reported by Nibali et al. (2019). Results are similar 
to the narrow- sense heritability estimate of 0.42 reported in two 
F I G U R E  3  Theoretical consideration for including a heritable biomarker in phenotypic definition. Case a: the biomarker is a measure 
of periodontitis and host genotype cannot affect the biomarker except through periodontitis. Inclusion of the biomarker in phenotypic 
definition reduces measurement error in estimation of genetic effects on periodontitis. Case b: the biomarker is affected both by 
periodontitis and by host genotype. The estimate of genetic effect on periodontitis is biased. Case c: genotypes with no real effect on 
periodontitis can still be associated through the biasing pathway provided the biomarker is partially heritable
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previous studies in STR twins (Mucci et al., 2005; Mucci et al., 2009). 
While some older twins in the present study may have participated 
in these earlier studies leading to some sample overlap, many twins 
are too young to have been eligible for these studies. Other import-
ant differences between those and the present study are the use of 
self- reported versus clinical record data for periodontal status and 
the use of continuous traits in the present study. Due to differences 
in methods, heritability estimates from GWA- based approaches 
are not directly comparable but are likely to be lower than those 
reported in this study.
The limitations of the study relate to the characteristics of data 
collected during routine clinical care. Specifically, the periodontitis 
measures available are based on clinical pocketing and not clinical 
attachment loss, which may under- estimate previous disease experi-
ence. This form of measurement error might lead to under- estimation 
of heritability, yet the heritability estimates in this study were higher 
than those reported in previous meta- analysis. Data were collected 
by dentists working in different clinics and with some dentists using 
4- point charting and others using 6- point charts, which will add to 
heterogeneity in measurement. This could potentially lead to cor-
related measurement error in twin pairs attending the same clinic; 
however, we did not see evidence for shared environmental fac-
tors contributing to the traits used in this study. Finally, the longi-
tudinal analysis made a simplifying assumption that each twin had 
a linear rate of change during the follow- up. This is likely an over- 
simplification due to the dynamic in disease progression which might 
result in additional unexplained variation and deflate variance com-
ponent A; however, the highest heritability estimate was seen for 
a rate of change trait. Finally, we made a conscious decision not to 
adjust for smoking in the models as smoking is itself a partially her-
itable behaviour (Tobacco & Genetics Consortium, 2010), meaning 
that care is needed when comparing with studies where smoking is 
included as a covariate.
The major strengths of the study include the sample size, which is 
considerably larger than previous twin studies with clinical periodontal 
data and therefore allows more precise estimates of heritability. The 
sample is also considered representative of Swedish adults who at-
tend dental primary care services, as the twins were not recruited on 
the basis of their dental status. The inclusion of longitudinal data for 
most participants is considered a strength as few previous studies have 
modelled genetic effects on longitudinal change in periodontal status.
In conclusion, the study found that a little over 40% of variation in 
periodontitis traits is due to additive genetic factors in Swedish adults. 
The study demonstrates the potential value of electronic clinical records 
in genetic epidemiology, as moderately heritable periodontal traits can 
be generated from clinical records alone without the use of biomarker 
or other adjuvant data. Quantitative traits derived from clinical records 
are an attractive target for future GWA studies aiming to identify the 
specific genetic risk loci implicated in this important disease.
ACKNOWLEDG EMENTS
The participating twins and the staff at the Swedish Twin Registry 
and the SKaPa quality register are greatly acknowledged.
This research was funded by The Swedish Research Council, 
grant number no 2015- 02597 (IJ), and The Patent Revenue Fund for 
Research in Preventive Odontology, grant number no I 2018- 001 
(IJ). The Swedish Twin Registry is managed by Karolinska Institutet 
and receives funding through the Swedish Research Council under 
the grant no 2017- 00641. SH receives support from NIHR through 
the academic clinical fellowship scheme. None of the funding bodies 
had any influence on the study design, data collection, analysis, or 
interpretation, or the writing of the manuscript.
CONFLIC T OF INTERE S T
The authors declare that they have no financial or other relation-
ships that might lead to a conflict of interest.
AUTHOR CONTRIBUTIONS
All authors contributed to the conception of the study. I.J. obtained 
ethical approval. P.K.E.M and I.J. contributed to data. S.H., A.E., R.K- 
H. and I.J. contributed towards analysis. All authors contributed to 
interpretation of results. S.H., A.E. and I.J. produced the first draft. 
R.K- H., P.L. and P.K.E.M. contributed to critical review and revision 
of the manuscript. All authors gave final approval of the published 
version and agree to be accountable for all aspects of the work.
DATA AVAIL ABILIT Y S TATEMENT
The procedure to access STR data is described online at https://ki.se/
en/resea rch/swedi sh- twin- regis try- for- resea rchers. Information on 
access procedures for the SKaPa register is provided at http://www.
skapa reg.se/forsk ning/ (in Swedish).
ORCID
Simon Haworth  https://orcid.org/0000-0001-7793-7326 
Anders Esberg  https://orcid.org/0000-0002-4430-8125 
Ralf Kuja- Halkola  https://orcid.org/0000-0002-3765-2067 
Pernilla Lundberg  https://orcid.org/0000-0002-8244-5200 
Patrik K.E. Magnusson  https://orcid.org/0000-0002-7315-7899 
Ingegerd Johansson  https://orcid.org/0000-0002-9227-8434 
R E FE R E N C E S
Agler, C. S., Moss, K., Philips, K. H., Marchesan, J. T., Simancas- Pallares, 
M., Beck, J. D., & Divaris, K. (2019). Biologically defined or biologi-
cally informed traits are more heritable than clinically defined ones: 
The case of oral and dental phenotypes. Advances in Experimental 
Medicine and Biology, 1197, 179– 189. https://doi.org/10.1007/978- 
3- 030- 28524 - 1_13
Altman, D. G., & Royston, P. (2006). The cost of dichotomising contin-
uous variables. British Medical Journal, 332, 1080. https://doi.
org/10.1136/bmj.332.7549.1080
Caton, J. G., Armitage, G., Berglundh, T., Chapple, I. L. C., Jepsen, S., 
Kornman, K. S., Mealey, B. L., Papapanou, P. N., Sanz, M., & Tonetti, 
M. S. (2018). A new classification scheme for periodontal and peri- 
implant diseases and conditions - Introduction and key changes 
from the 1999 classification. Journal of Clinical Periodontology, 
45(Suppl 20), S1– S8. https://doi.org/10.1111/jcpe.12935
Chestnutt, I. G., Binnie, V. I., & Taylor, M. M. (2000). Reasons for tooth 
extraction in Scotland. Journal of Dentistry, 28, 295– 297. https://
doi.org/10.1016/s0300 - 5712(99)00069 - x
    |  9HAWORTH eT Al.
Diehl, S. R., Wu, T., Michalowicz, B. S., Brooks, C. N., Califano, J. V., 
Burmeister, J. A., & Schenkein, H. A. (2005). Quantitative measures 
of aggressive periodontitis show substantial heritability and consis-
tency with traditional diagnoses. Journal of Periodontology, 76, 279– 
288. https://doi.org/10.1902/jop.2005.76.2.279
Haworth, S., Shungin, D., Kwak, S. Y., Kim, H. Y., West, N. X., Thomas, S. 
J., Franks, P. W., Timpson, N. J., Shin, M. J., & Johansson, I. (2018). 
Tooth loss is a complex measure of oral disease: Determinants 
and methodological considerations. Community Dentistry and Oral 
Epidemiology, 46, 555– 562. https://doi.org/10.1111/cdoe.12391
Holmlund, A., Lampa, E., & Lind, L. (2017). Poor response to periodon-
tal treatment may predict future cardiovascular disease. Journal 
of Dental Research, 96, 768– 773. https://doi.org/10.1177/00220 
34517 701901
Jönsson, D., Orho- Melander, M., Demmer, R. T., Engstrom, G., Melander, 
O., Klinge, B., & Nilsson, P. M. (2020). Periodontal disease is associ-
ated with carotid plaque area: The Malmo Offspring Dental Study 
(MODS). Journal of Internal Medicine, 287, 301– 309. https://doi.
org/10.1111/joim.12998
Kassebaum, N. J., Bernabe, E., Dahiya, M., Bhandari, B., Murray, C. J., 
& Marcenes, W. (2014). Global burden of severe periodontitis in 
1990– 2010: A systematic review and meta- regression. Journal of 
Dental Research, 93, 1045– 1053. https://doi.org/10.1177/00220 
34514 552491
Kohler, H. P., Behrman, J. R., & Schnittker, J. (2011). Social science meth-
ods for twins data: Integrating causality, endowments, and heri-
tability. Biodemography and Social Biology, 57, 88– 141. https://doi.
org/10.1080/19485 565.2011.580619
Magnusson, P. K., Almqvist, C., Rahman, I., Ganna, A., Viktorin, A., 
Walum, H., Halldner, L., Lundstrom, S., Ullen, F., Langstrom, N., 
Larsson, H., Nyman, A., Gumpert, C. H., Rastam, M., Anckarsater, 
H., Cnattingius, S., Johannesson, M., Ingelsson, E., Klareskog, L., … 
Lichtenstein, P. (2013). The Swedish Twin Registry: Establishment of 
a biobank and other recent developments. Twin Research and Human 
Genetics, 16, 317– 329. https://doi.org/10.1017/thg.2012.104
Morelli, T., Agler, C. S., & Divaris, K. (2020). Genomics of periodontal 
disease and tooth morbidity. Periodontology 2000, 82, 143– 156. 
https://doi.org/10.1111/prd.12320
Morelli, T., Moss, K. L., Preisser, J. S., Beck, J. D., Divaris, K., Wu, D., & 
Offenbacher, S. (2018). Periodontal profile classes predict periodon-
tal disease progression and tooth loss. Journal of Periodontology, 89, 
148– 156. https://doi.org/10.1002/JPER.17- 0427
Mucci, L. A., Bjorkman, L., Douglass, C. W., & Pedersen, N. L. (2005). 
Environmental and heritable factors in the etiology of oral diseas-
es– a population- based study of Swedish twins. Journal of Dental 
Research, 84, 800– 805. https://doi.org/10.1177/15440 59105 
08400904
Mucci, L. A., Hsieh, C. C., Williams, P. L., Arora, M., Adami, H. O., de Faire, 
U., Douglass, C. W., & Pedersen, N. L. (2009). Do genetic factors 
explain the association between poor oral health and cardiovascu-
lar disease? A prospective study among Swedish twins. American 
Journal of Epidemiology, 170, 615– 621. https://doi.org/10.1093/aje/
kwp177
Neale, M. C., Hunter, M. D., Pritikin, J. N., Zahery, M., Brick, T. R., 
Kirkpatrick, R. M., Estabrook, R., Bates, T. C., Maes, H. H., & 
Boker, S. M. (2016). OpenMx 2.0: Extended structural equation 
and statistical modeling. Psychometrika, 81, 535– 549. https://doi.
org/10.1007/s1133 6- 014- 9435- 8
Nibali, L., Almofareh, S. A., Bayliss- Chapman, J., Zhou, Y., Vieira, A. R., 
& Divaris, K. (2020). Heritability of periodontitis: A systematic 
review of evidence from animal studies. Archives of Oral Biology, 
109, 104592. https://doi.org/10.1016/j.archo ralbio.2019.104592
Nibali, L., Bayliss- Chapman, J., Almofareh, S. A., Zhou, Y., Divaris, K., & 
Vieira, A. R. (2019). What is the heritability of periodontitis? A sys-
tematic review. Journal of Dental Research, 98, 632– 641. https://doi.
org/10.1177/00220 34519 842510
Offenbacher, S., Divaris, K., Barros, S. P., Moss, K. L., Marchesan, J. T., 
Morelli, T., Zhang, S., Kim, S., Sun, L., Beck, J. D., Laudes, M., Munz, 
M., Schaefer, A. S., & North, K. E. (2016). Genome- wide association 
study of biologically informed periodontal complex traits offers 
novel insights into the genetic basis of periodontal disease. Human 
Molecular Genetics, 25, 2113– 2129. https://doi.org/10.1093/hmg/
ddw069
Papapanou, P. N., Sanz, M., Buduneli, N., Dietrich, T., Feres, M., Fine, 
D. H., Flemmig, T. F., Garcia, R., Giannobile, W. V., Graziani, F., 
Greenwell, H., Herrera, D., Kao, R. T., Kebschull, M., Kinane, D. F., 
Kirkwood, K. L., Kocher, T., Kornman, K. S., Kumar, P. S., … Tonetti, 
M. S. (2018). Periodontitis: Consensus report of workgroup 2 of 
the 2017 World Workshop on the Classification of Periodontal and 
Peri- Implant Diseases and Conditions. Journal of Periodontology, 
89(Suppl 1), S173– S182. https://doi.org/10.1002/JPER.17- 0721
Pihlstrom, B. L., Michalowicz, B. S., & Johnson, N. W. (2005). Periodontal 
diseases. Lancet, 366, 1809– 1820. https://doi.org/10.1016/S0140 
- 6736(05)67728 - 8
Shungin, D., Haworth, S., Divaris, K., Agler, C. S., Kamatani, Y., Keun Lee, 
M., Grinde, K., Hindy, G., Alaraudanjoki, V., Pesonen, P., Teumer, 
A., Holtfreter, B., Sakaue, S., Hirata, J., Yu, Y. H., Ridker, P. M., 
Giulianini, F., Chasman, D. I., Magnusson, P. K. E., … Johansson, I. 
(2019). Genome- wide analysis of dental caries and periodontitis 
combining clinical and self- reported data. Nature Communications, 
10, 2773. https://doi.org/10.1038/s4146 7- 019- 10630 - 1
Teumer, A., Holtfreter, B., Völker, U., Petersmann, A., Nauck, M., Biffar, 
R., Völzke, H., Kroemer, H. K., Meisel, P., Homuth, G., & Kocher, T. 
(2013). Genome- wide association study of chronic periodontitis in 
a general German population. Journal of Clinical Periodontology, 40, 
977– 985. https://doi.org/10.1111/jcpe.12154
Tobacco & Genetics Consortium (2010). Genome- wide meta- analyses 
identify multiple loci associated with smoking behavior. Nature 
Genetics, 42, 441– 447. https://doi.org/10.1038/ng.571
Wahlin, Å., Papias, A., Jansson, H., & Norderyd, O. (2018). Secular trends 
over 40 years of periodontal health and disease in individuals aged 
20– 80 years in Jönköping, Sweden: Repeated cross- sectional stud-
ies. Journal of Clinical Periodontology, 45, 1016– 1024. https://doi.
org/10.1111/jcpe.12978
SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.
How to cite this article: Haworth S, Esberg A, Kuja- Halkola R, 
Lundberg P, Magnusson PK, Johansson I. Using national 
register data to estimate the heritability of periodontitis. J 
Clin Periodontol. 2021;00:1–9. https://doi.org/10.1111/
jcpe.13459
